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the result la either I or F. Assume the tests may vary In 
cost and the objects nay vary In probability of occurence, Ooe 
then hates that cn unknown abject may be identified by apply¬ 
ing a aequer.ee of tests, The appropriate tost at any point 
in the sequence in general should depend on the results of 
previous tests, 

The problem is to construct a good test scheme using the 
test costs, the probabilities of occurence* and a table of 
test outcomes. 

lo put this in concrete terms* suppose an induction cen¬ 
ter wishes to deploy recruits into jo be expropriate to their 
qualifications* Further* suppose all aeu arc Icnoiha to fit 
one of five joes: general, rifleman* typist* pilot* or spy. 
possible tests might be t 
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Fi-SUre 1, a table of outeosac* 
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finally ho attempts to invent s scotl too 1 j iruc. Pigure 2 pic¬ 
tures cue tr^c ho Slight select. 

A niore serious possibility would involve construction of 
a diagnosis tree fox' a computerized doctor. Other applications 
of £.00-1 tree building methods are not obvious, ; hope to 
employ some of the ideas that have evolved in a program that 
searches semantic memories of the sort described by Quillian,( 
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One’s first reaction alight be to try all possible trees 
and: select the test Ode, This, however * is impractical for eveo 
moderately ltrge problems since the number of possible trees 
grows rapidly -with the muster cf objects and tests; 

let the number of availstie tests be N. To simplify the 
calculation, we will consider only these trees of the form shown 
in figure Ja, in these trees any path descends down through d 
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£ho Auabor of nossibllitics for the first test will to 1. 
?v e number of possibilities for the second tost will be 
but ve now have two- tests to be filled. ?or each of the J.^1 
ways the first of the tiro is fired, there arc :<-l ways to fi 
the second. Hence the total number of variations so far is 
£-fN-l , The number of tests new left unused at any tree 

p 

tip is ft-2 and there are 2 choices to be made. The number 
of variations is therefore increased by a third level of tests 
to NrU-l} s1 *{£-3)2^* Extending to d levels we have 
JE *(ff-D s1 .(a-ffi-l]} 24 " 1 * This number rapidly becomes uncon- 
f or table for example * a sample problem worked in the 3S3UIT3 

section involves only 5 tests and 3 objects* d is then 3 
yielding: 


number of possible trees > p *4 * = 6,430 . 

In a second sample problem* there are T tests and 13 objects. 
In this case, d is 4 and the lover bound is; 

number of possible trees >7 * 6^ fl 5^ * 4^ — i+j^IO 1 

treviousiTork 

In 1954 $ la (Tie' wrote a paper on this problem* but ha 

was concerned only with the special cane in which objects be¬ 
long to ona of two categories, acd the goal is only to decide 
tc which category an unknown object belongs. Other res trie- 




iloiiL 1 . on the nature of aho tuile or cuteanas further Ifciit 
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;. later paper by Pollack WJ offered tr* ele^Etary iieurl 
approach, but he overs la All fled the problem by assunicn- 
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all tacts to be of equal cost and all objects to bo of equal 
probability. 

His Ldea is simply to insert at each point that test which 
most nearly divides the object set Into two groups of equal 


prob&billty« 

Finally, Heim-: a Id and SolandW present in interesting me¬ 
thod that at first glance teems to lead directly to an optimal 
solution of these test tree problems* C-n closer oramication, 
however, it any be sees that their scheme is only slightly 
better than exhaustive enumeration for the class of problems 
of interest here, This is shown in the appendix. 


A Heuristic Aaareach 

jMMB.. - M^anai 

Since no entirely satisfactory solution could be found in 
the literature, I developed & heuristic IIS? program that seesrs 
to do a. reasonable job on a number of test cases. The program, 
as described in the nest two sections, exhibits several concepts 
found in intelligent programs: there is a simple fora of plan¬ 
ning; there is a focusing, of attention; and there are & number 
of local heuristic operations. The length of the 
was about 12 pages. 


* See {4} far details. 
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oc of tests* 1 function naned 
operations anti tries to appi/ 
that part of the tree to vhich it 


is directed bj a higher level function n&aed 2X2C'J*IV2, The 
heuristic resources Of Fun hill a are described in the following 
paragraphs. It should be noted that only the essentials of 
the functions are Indicated* rith no attest Ion to the trouble 
the actual procrass face in handling norns1 variants of the 
situations described as well as the reanj unusual eases. 


Suppose the EaSCTTTITE directs PSHSKii? to uork at-the spot 
Indicated In figure b. Since a auaber of objects have jet to 



Figure 4, The use cf BbD* 

bs sopsrated, it is desirable to pick suitable tests fror. 
a list of those not previous 1/ Uted and graft then onto the 
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Ii" :i II caoti- vt re file , It would be £ good iden. to select 
the test that best divides the objects into cqul«probable grou.-s. 


Ii wording out ci few examples Is riot convincing enough, further 
Justification for this method of selection any be found In 
dnllager ^ * * e SBSfltittlljr the same problem is discussed in the 
context of minimising the average length of the codewords in 
a coraaunioatIons system. 

£ut since the test costs do vary, a compromise is re oca- 
sary < The test actually used Is the one which maximizes the 
following; function of. cost and splitting: 

{?-= * Pt } 2 


Qwe. 3 J.ty (test) - y - 


Lfnsre P^,Pt are the total probabilities of objects sent 
■ dewn the right end left branches 
and T is the test^cosi* 


if the function evaluates to the sane number for two different 
tests , the 3U3 function Is said to he indifferent to which of 
the two Is selected. Figure 5 shows " indifference curves" for 
the function and offers some Insight into how the scheme works.’"' 
Figure 5 shows two other possibilities for the quality function, 
but the curves of figure p gave the compromise Intuitively 
desired, and Indeed the others proved inferior experimentally. 
This is admittedly flimsy Justification, but intuition -was 
exercised in order to expedite getting a wording program. This 
will be aeen again and the reader should realise that the unde-* 


*t These curves are reminiscent of potential lines, and iniee 
one may think of the process as selecting the test with highs 
'’potential. ” 
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Llnss of iiiai T ferenoe for 
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It is 2 ;*sy to see no.: the £uD function csfli m^e mistakes, 
Suppose, for example, that three tests are available for graft¬ 
ing at some end point in 4 partial tree. Suppose further 
that thoy divide tile probability as indicated Somewhat abstractly 
by figure ?, BUD would obviously recommend that test T 1 be 
followed by test ?2 to produce the division of probability 
shown In flours $a. But with only a slight lr.oraase in oost r 
one could get much superior overall probability splitting by 
using T 3 followed, by 12 as shown in figure 3b,. 

Of course one could iter sly complicate BUD by examing S-lev&l 
combinations of tests in about the same w& 7 t but the number 
of combinations increases nor5 than linearly with the number 
of tests and is to be avoided* Instead,, this program uses a 
function named SUBSTITUTE to looh at a particular point in the 
tree with & view toward changing the test. The test is changed 
if another gives a tetter quartering of the probability with the 
sane subsequent tests. Hones SUBS?ITUIB would fix the error 
c&de by BUD in the current example by the change shown in figure 

SUBSTITUTE 



figure 3 - 


Change effected by SUBSTITUTE * 
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i:: which the parameters and rationale are analogous to f aosc 
discussed uEider 3uddln» . 

laterally this idea could be extends! to still higher 
orders, but 3 doubt if any significant gain would be hud. 


^changing 

Suppose now that one is examining & tree tip of the iom 
in figure 10a. Oue wonders if perhaps & little alteration 



figure 10, A possible exchange. 

wo aid be batter, say to the fora shewn in figure 10b. Cal¬ 
culating expected costs it is dl&er that the charge should be 
made if 

2-rr - oost of test TX h p = P( \ A 3 0 ])» 
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ranern lined a bit, thin lies can be applied 


tr<23 a kid 53 3uoh T coristi tutos the 3X0K 'l* 1 1 C funstic lae 
.acGd only think of A, 3 and J in the ii&sve paragraphs as sc La 
of objects instead of 'simple objects, . &ow, however f the £ unc¬ 
tion nuot be prepared, to do some more extensive work or. the 
tree if subsequent tests are already in place. ?i"ure 11 helps 
indicate what should be done, notice that the objects of 
set Q remain together in the new structure* So do those of B, 

One expects that the subtrees- used to divide up sets B and 0 
ere still good and should simply be moved to new locations p as 
in figure 12. 

Zhe trouble is that some cf the objects of sat A likely 
invade the branch of set 3* I'ow 3XC.iAh T G-B is not necessarily 
a good Idea and errors are made. For this reason, the swapping 
condition was altered so that swapping does not occur if possible 
gains are slight. Shis is dona through the introduction of a 
pexacieter oo 

C-rp * p[ {b\) >*rC T£ * P[ U) )-k swap. 
e< was sat at l.£J with seeeiagly satisfactory results. 


Sweeping 

Consider the situation of figure 13&. Sweep will transform 
the tree to the form shown in figure 13b if Cip 2 < 0*,^. So innedi- 
ata change in expected cost results, but it seers a good idea 
to ''sweep" longer tests down the tree structure, for it a&y 
well be that they can he eliminated in sons of the sebssquant 
paths and there result la an eventual saving* 
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?iffura 14. A iiiots coaplleatad sweep. 

" a, B* 0* L-, X and T iff sets. 
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> O '3 as tofore 


iut nl:;o notice that only the sets A 


jirjii ’? arc preserved;. 0 and 3 vrlll be in general divided betvrccn 
X sr.d Y + In order to avoid a complete finagling, the function 
refuses, to effect the changs unless D ns tehee X fairly ire 11 , 
and C itatches Y fairly wall (or if 0 witii X and 2 with Y) . 

’’Match fairly well ' 1 means 65 $ or more of the objects in the 
first set are found in the second, 

3i j /23F nay also bo used even if if 0 ^ >> 3 ^ and 

the other conditions hold. This second criterion vas implements 
sine® in such cases the elimination Of £3 SeSne like a g&Od deal 
( >> manih acre than j tines here}. 

naturally S'’S3? also looks at the tree with the above roles 


cf T2 and IJ reversed. 

Pruning 

IXGEAXGE! and SrTSE? cause many objects to ccursa down 
different paths. The result La that Meed 11 tests# or tests that 
cause no splitting, may be found bare and there in the tree, 
ifhen ?GS3i£AE encounters such a test, it uses PHUK2 to eliminate 
it as in figure 15 . PRUT'S is repeated if the test structure it 
elevates is also headed by a dead test. 
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fltli the armamenta riira .of holistic operations 
reviewed, one could assemble a simple supervisory program. 
i’iiQ progran could singly work its way down the growing tfO'C 
by calling itself recursively on the tranches it generates * 

Notice that a substitution at one point might well set up 
the higher test point for a sweep or other change. sut ia 
the simple scheme mentioned above t tliera 5 s no way f or the 
program to back, up and review when such changes make reconsi¬ 
derations of a higher level choice a good idea* This consi¬ 
deration led to the development of EXECUTIVE, a somewhat sore 
elegant supervisory program* It may be helpful to refer fre¬ 
quently to the flow chart of figure Id, as the program is 
explained in the following paragraphs, 


Seals of SI32UTI h ra 

■■■■!■■ ■ . . 

The Job of 3X2GUHV3 is to focus the programme attention 
at an appropriate point in the partially constructed tree. In 
diagrams the convention will be to indicate the center of attsh 
tion by a spall arrow {-*)« Ivo tests immediately following: a 
given test are celled its daughters* The given test is then 
referred to as the parent of its daughters. 

ES31FTIVE must ba able to do sore than Just tack up and re 
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figure 17 + Execution of parent problem before daughter pro'elea* 

of point 2 has a different set of objects to consider as a result 
of a higher level operation at point L E2CZ0U2IV3 should sfai- 
larly avoid deep extension of one tree branch whll* neglectins 
sr.other, Otherwise T a review and subsequent alteration generated 
by a later looh at the neglected branch might well render nest 
of the worh nsalass. See figure 13* finally ± EXSCUIIY3 should 
have some hind of cycling protection so that chains of circu¬ 
lar operations are not repeated indefinitely. 

before explaining how these things are done,, the role of 
r-QRZKAtt will he discussed. 


Tae Forenen 

Once EXECUTIVE has pichad a center of attention y FvF.SMV^ 
cleans up the area with EULI’E and, if necessary, extends the 
tree with 3TO; it tries to apply EXOXAjdl, or 3vzzP 

in turn; and finally it uses PilTiTl and SUD ir. case a transfer- 
nation has left aone garbage in the lurediete tree structure. 
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Figure 1-3* Result of uneven tree extension 
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The Ire'ulezn list; rl:-ar.in" 

Once HXSCSTIVS has picked 'an Initial test* it places a packet 
of informatlon called a proble m on. a List called the uroller list- 
Jl problem consists of 1) a pointer to the test it is associated 
with in the tree, £j a number indicating Its priority, and 
3) other lists that aid the operation of FOUSi-iAff f but ere of 
no concern here, is ean be seen in the flow chart of figure 16, 
3X3CU2IVS enters a loop around which it circles until the 
tree Is conplate. 

The first step in the loop is to apply POatEiliiT to the first 
entry (the one with highest priority) in the pro bier, list* 

Cf cause* when entering for the first tine, there is only one 
entry. 

If POTif’Li.iv only extends the tree with 3ITD, or does nothing, 
H:'"OUT 172 simply creates new problems associated with any 
daughter testa otherwise Without associated problems. It 
then removes the current problem Iron consideration by placing 
It on a list of old problems, the rso 2 .ll list . The use of the 
rscall list will be explained later, 

?he new problems are inserted Into the problem list 
according to a priority! which is simply the number of ohJsets 

f V, g 

rmimate paths from"associated test. See figure £0 for sone 
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Figure £0* Priorities ar,d the movement of attention, 
examples. 

In establishing this priority, the program my be said to 
exercise a simple sort of planning, 

Ihis priority scheme assures that a pro hie a will not be 
considered if a problem associated with an ancestor is also 
on the problem list. This la true since any test in the 
tree certainly h&s more objects coursing through it than have 
any of its progeny. 

Ths priority defining scheme also helps avoid extensive 
growth of one branch with neglect of others, Ihis follows 
since, in general, the repeated partitioning of the objects 
rapidly reduosa the priorities of probions further down the tre 
Bee figure 20 for an illustration. 

finally, notice that, as in figure 20, the daughter in 
branch with sore objects is attached before the other. This 
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^ „i;>ar level problem it jLihcly to cgv. 3 ^ frtii the noro 
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si --7 ticii be wasted. 7;:1« Slovene nt of attention tae': up tLe 
tr; c see-a r,sra Lihcly from a hl^jily populated bra nob, bccaupt 
T.oi’C vnrintloils of object deployment are possible. This yields 
-ore values for the quality fucetions, increasing the chahoe 
that an improvement nay be found* 


The call List 

Seturning to the top of the loop* notice that if ?03Zliki: 
does in fact chance a test by exercising EKOEJuvGS, SUiSTUKS, 
or Svili-?, then the- program voris through a different set of open 
ations* Tirst,. the auxilliary lists carried in problems indie at 
what tests have previously been used and what objects srs to 
be handled* The to at-3capping heuristics frequently change 
the course of objects through the tree structure ana invalidate 
the auxiliary lists* Trouble is avoided singly by destroying 
any problems found subsequent to the change* Sear in nind the* 
only problems are eliminated, not the tree structure itself, 

The parent of a changed test should be re-exrain*£ since 
change in a daughter say in turn call for a transformation of 
the parent* notice that the parent problem resides on the 
recall list* To initiate review, it is merely moved from the 
recall list tc the problem list at the spot appropriate to its 
priority number* 

figure £1 illustrates these steps* 
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Figure 21. Recall of an old problem* 

Cvc lir.^ 

■ n mmrmu ami n> 

Fhe cycle pratecticn gear Is not included on the flov chart 
to avoid cluttering. The current scheae merely counts the 
number of tines a probleu has been reviewed end, if mere than 
twice t further change is not allowed. 

lerElnation 

"os problem list will he espty whan the tree is fully grown 
and all necessary decisions have been reviewed. 2X23u?172 then 
exits fron the loop and announces that it is'finished* 
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that til probabilities are the ease and that ths first t liras 
tests all divide tie objects into equally probable groups, 

Tina remaining parameters vers fixed more or lass arbitrarily. 
Tha net result is a data set on Which EXSS'JTIVS f s activity 
is non-trivial, but eosy to follow. Is before, an arrow 
indicates the point of attention defined by the pointer in 
the first problem on ths problem list* 

The first test selected, iras TH* 
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The obvious action he re.was to prune out the T 2 and bud saufetlln^ 
in to separate £ £jcd H* Only T 5 end Tj 5 could separate then 



- But at this point EXCHANGE a&de & ul Stake because of an obscure 
hug and switched Tl and 15 * 
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SUSSTITliES then noticed that 22 yielded s. perfect quartering al¬ 
though slightly mere expensive than 24, 



Sow a SuD split D and n with 14 snd was followed immediately 
by EXUKOGE switching 7p and 21. 
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st/ecjp was clearly in order. 
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T2 was replaced by the shorter 24- 








Anti-cycle protection excluded any activity at the top. fur¬ 
ther operations Involved only pruning cut dead tests and separatit 
A and 3 Ter & final average coat of 3*79 sad & tree: 



Tils tree seens reasonable in nany respects. ?2 is the least 
costly test that exactly divides the probability. 12 and 
ore also relatively short and together vitfc T1 exactly 
quarter the probability. Ihe longer tests are found only in the 
last rem, vherc , vita one exception, they are absolutely required 
to complete tho separation. T h e exception is that 14 would hs 








*0 CCpr-ta a and t it tin- ju#i a sorlLG of transfor...■■ -io ;i■•• 

rC -i 'i,'. I till. ITOm! r IIl'-U -J Vi^Th i Oi.j ^ it fOU -i ■_; J .j. 

with afi entirely different duty. If to Unsuitable a toot J -i-£ 
to occur higher In the tree* ,j jIS XITUTLJ or another operation 
Slight ’.roll have excisei ±t f but &uch transforms are powerless 


at the tips of the tree where there arc no teste fallowing 
A special case trails fcreation could easily be written to handle 
this sort of situation. 

A Bigger Pro blem 

In another e>: perl sent, twice as nany objacts were involved 
and the nueber of tests was expanded from p to 7. Che 
parameters involved are shown In table II. In this case, 
however , the outcomes were set ran&CDly with the aid of a coin* 
and the costs and probabilities similarly fixed with the aid of 
a Boston telephone took. 

On tills data the pro-^ran rather uneventfully generated 
the tree of figure 22. It is Instructive, however, to notice 
how the tests and objects are deployed: 

lasts 4* 3j 7 nhi 3 split the objects into sets of nearly 
equal number. Moreover , 3± e-hd 7 cost less than any others. 

Chat they populate the highest regions of the tree Is therefore 
not unexpected. 

Ihe expensive test 5 is found only in ona place, and reference 
to the table of ontconoE shows no attar tasf can function ns It 
does to separate li and i T . 

slots that two sets remain Uhseparated: hi ?], and 
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l*i".c pro; 


so it atnads Lid ao-jt iutci;* -eat things: tl ;; 4 


■l number of situations to which it wet addressed. Or* othera, 
serious ni static a were ciadc, out the overall performance sce-e.* 
acceptable as a first try* Its ^uccesses indicate value in the 
heuristic approach, while Its failures reveal new problems 
to be explored. 


He fine merit 

Alterations to the present program would fall in three 
categories i bus removal, tuning, end major revision. Iuft 
removal currently refers to the two faults observed in the 
jl_5 j a j a sec^iUn: — irat r a subroutine is needed to insure that 
t.ne tests at the tips of the tree are optimum; second, EXOHidGH 
blunders frequently and swaps tests when it should not. cor¬ 
rection cf these weaknesses should involve no major difficulty.^ 

Tuning refers to improvement of the simple criteria the 
uses ~o Ei=-ke its decisions, ?cr e sa Tuple , there nay 
be better ways to define the priority number or to determine 
the quality of & test frea its cost and splitting ability. As 
was mentioned, many of these things were set somewhat arbitrar¬ 
ily- 

Finally, major revision refers to substantial cheeses which 
■would give the program acre of the qualities characteristic of 
'intelligence," Per one thing, the program no^ has no facility 
fer retreating; from blind alleys; the condition for change is 
"chanse if tests indicate that it Ieohs like a good idsa f| 
ins tea a. of 'cn&nga if the res ultant Structure does in fact 

f See Appendix II 
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it stands, the function just checks to too if any trootfcs 


nations can be -used iuid blindly uses 
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One alternative would try all 
o r.e that works "best," Ihi a , 
enumeration* it would be more 
that so nohow would quickly eso, 
ity, fora an opinion on what i 
transfcreation, appropriate to 


po s a i d 1 e c h.f. nges and ui e the 
however, is. a fom of exhaustive 
elegant to introduce t function 
Eline tree structure in the vlcin- 
t naans, and then, check to see if a 
correction cun be used. 


Generalisation 

It is easy to think of generalised pro alarms on which extend 
ed program could be used™ A few are listed below: 


1 , The test cutooaes ere not United to just two possibilities, 

2 . The objects are partitioned into categories, The tester 
is concerned only with determining the category. 

3 * Tvjft test outcomes are probabilistic functions of 
the abject, 

4, Certain taste are inappropriate unless preceded by 
certain others, 

5- Certain important objects must not require rora than 
a certain, cost before recognition. [I lion appearing 
before the reader is unlikely, but he should be glad 
to recognise it quickly), 





The K c 1 uval u - h o 1 find .-Xtho; 


the j 


ii-ae th e He 1 axa 1 d - Jo l.\ :id scheac is veil presented, in their 
paper*^ only the grist ©£ the idea will be reviewed here. 

Suppose, given a partially constructed tree, it is pos¬ 
sible to establish a lower bound on the expected cost of any 
complete tree forced by budding out the tree at hand, let this 
lower bound to the expected coot be where T is the name of 
the associated tree. 

Then if a group of partial trees are candidates for the 
trunk of the final tiro* „ it would be wise to try budding out 
the candidate whose L T is smallest until the of the derived 
tree exceeds that of sene other candidate on the original List, 

This general idea led to the flew chart Of figure 2~j . The 
original sat of partial trees consists of all trees containing 
just one test. These are ordered according to their asso¬ 
ciated lower bounds, the L-, 1 s. The first member of the list 
is picked off and all trees that can be forced from it ay a 
single test addition are placed on the partial tree list in 
the appropriate Place, The algorithm terminates when a cOn- 
plate tree appears at the head of the list- This tree is optimal 
because its is not only a lower bound* but is in fact the 
expected cost; and that cost : ubs certainly be lower than that 
of any complete tree that evolves from ps.rtia.1 trees whose l.Vs 
arc greeter.. 

how suppose we think of the 3f teats ns forming 2 coordinates 
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form Jill possible trees 
pf depth orae anrj plase 
then oil the partial tree 
list Iti oi-dar Pf increas- 
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plot off first 
□ember of partial 


tree list 



fort all partial trass 
possible by the addition 
of only one test— 
place these trees on the 
P^rtia.1 tree list iu 
the spot dictated by 
their ij 
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?he seinvali^soland Algorithm 


sure 23 , 
























GO 1'fiC 


-m- 


Ol ^ ■■05 k iJlul'i G l^i2Q vi 1 _i_ £■ Z! 0:1 *0!^* 00 ]?&•£ l 1, 0 « 1, ,"j '. 

:- ^irwr-eio^i cube* A thin ppaco will be dcfihed Infer:.,*: ly 
!"-& oao —- "hich few if any objects lie on adjacent ccr.-.cr; fo: 
which OKljr ohe tooruinate differs**-' 

:-j- r contention is that for reasonably large , thin spaces, 
the Sainiwald-Soland ibethcd amounts essentially to exhaustive 
enumeration of possible trees.. 


Degeneration of tha Method 

k study of the paper reveals that in thin spaces the rule 
for forming I_ simplifies to; 


1) find the expected cost of each test by multiplying 
its cost by the total probability of the objects that 
course through It* 

2 } sum the r e suits* 


^Kus it is clear that each time a complete layer is added,■ the 
lover bound is increased by the average costs of the tests 
in the layer + The lower bouinl, IC,-, F therefore increases 
steadily with the depth of n partial tree. 

-he reason for the failure of the method in thin spaces 
lies in this steady growth of with tree depth: If any 
tree of a certain depth has been examined, it Is likely that 
all trees with two or three fewer layers are on the partial tree 
lis^* Tiehce, before any complete tree can ba fermed, an enormous 
number of partial trees of only slightly Igss depth have been 
enumerated, evaluatedj and placed on the partial tree list. But 
it has been shown that enumeration of all trees of any non-trivi: 


Communications enthusiasts prefer to say that 
Hanning distance separating objects is £♦ 


“*■»** — J nl-iin 

Ria.uii..iAn 
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■ le-Eitli is out flf th-e question, 


APPENDIX II 
Bugs 

The hugs mentioned on pages 21 end 31 have been somewhat alleviated 
since this paper wag completed in 1967 > 

Blunders by the EXCKAMCB Seuriftlc ere prevented by blocking actiun 
i£ eubftantis 1 rerouting takes place. Refer te figure 11, page 13. 
Exchange does not set unless 

?( \ Of Aj. ) > K - 

7. is Current ly . £ . 

A function called NEWTIP eliminates the problem of inappropriate 
tests at the tree's tip*. l£ simply checks to Ece if any other test 
can do the same filial splitting jot with lower coat, the FOREMAN 
machinery applies NEWT IF whenever * tip is encount trade. 
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